Summary. There are at least 2 amino pools for leucine and for valine in the soybean hypocotyl, a small protein precursor pool and a large inactive pool. The precursor pool decreased in size during incubation of excised hypocotyls presumably becauise the cotyledonary sources of amino acids had been removed. The precursor pool was subject to expansion by supplying the amino acid externally at high concentrations. After the transfer of tissue to unsupplemented media, the expanded pool was rapidly depleted.
Summary. There are at least 2 amino pools for leucine and for valine in the soybean hypocotyl, a small protein precursor pool and a large inactive pool. The precursor pool decreased in size during incubation of excised hypocotyls presumably becauise the cotyledonary sources of amino acids had been removed. The precursor pool was subject to expansion by supplying the amino acid externally at high concentrations. After the transfer of tissue to unsupplemented media, the expanded pool was rapidly depleted.
In studies of protein synthesis in excised soybean hypocotyls, the rate of incorporation of exogeneously supplied '4C-amino acid into protein was found to increase with the time of tissue pre-incubation. As a possible explanation, changes in the sizes of the amino acid pools were considered.
Using the method of Britten and McClure (3) , the change in the relative size of a protein precursor pool was determined and compared with the change in the total amount of a particular amino acid. There is evidence for a compartmentalization of metabolites into active and inactive pools in plant cells (1, 2, 4, 5, 11, 12, 14, 15) . Our results show that active and inactive amino pools exist in the soybean hypocotyl.
Materials and Methods
Soybean seeds (Glycine max, var. Hawkeye 63) were germinated as previously described (9) . After 3 days, a 1 cm section of hypocotyl was excised between 0.5 and 1.5 cm below the cotvledons and placed in a 1 % sucrose solution at 2 to 40. Sections were then randomized by agitation in the sucrose solution, collected in a mesh strainer, and rinsed with deionized water. After blotting. tissue was weighed as needed.
Unless otherwise stated, 1 .5 g of tissue were incubated in a 50 ml culture flask containing 5 ml of incubation medium (1 % 10 g lots of tissue in 20 ml of medium in a 250 ml flask. The pretreated tissue was thoroughly rinsed over a mesh strainer and sections representing 1.5 g initial fresh weight were transferred to a 50 ml cultuire flask kept at 300. All treatments were duplicated. The flasks were shaken in a darkened water bath maintained at 300. After treatment, tissue was collected in a mesh strainer, rinsed, blotted, and frozen. In experiments involving a determination of lag-time, the tissue was rinsed with ice-cold deionized water followed by rapid freezing in pulverized dry ice.
Tissue was homogenized in a VirTis 45 homogenizer at a setting of 40 for 1 minute with 0.01 N Tris (pH 7.4) to give a final volume of 12 ml. The homogenate was filtered through glass wool, and a 6 ml portion of the filtrate was made to 10 % trichloroacetic acid. After 1 hour at 20, the samples were centrifuged 10 minutes at 500 X g.
After dissolving the pellet in 3 ml of 0.5 N NaOH (containing 200 ,ug/ml each of 12C-leucine and 12C-valine), cold trichloroacetic acid was added to a final concentration of 9.5 %. The precipitate was pelleted by centrifugation, washed twice with 5 % trichloroacetic acid and then dissolved in 2 N NH4OH. Radioactivity and total protein determinations were made using portions of the NH40H solution. Protein was measured by the method of Lowry et al. (10) using purified bovine serum albumin as a standard. Soluble radioactivities were obtained as the difference between the total radioactivity (measured by plating a portion of the Tris homogenate) and the protein radioactivity after corrections for differences in counting efficiencies. W7ax-circled, one-eighth X 1 and one-fourth inch aluminum planchets were used for counting in a Nuclear Chicago thin window gas flow counter. All uniformly labeled 14C-amino acids were supplied Calculaitioni of Proteini Turnover. The rate of protein turnover was calcuilated tusing: A) the rate of incorporation of letucine and valine into protein (table I), B) the constant amotlnt of protein in the tissue (11.4 mg/g) (7), and C) the leucine and valine content of the protein (9.3 /Amole leucine/g and 7.3 ,umole valine/g (7) . In this calculation the composition of the newly synthesized protein was assumed identical to the total protein. Likewise, the specific activities of the precuirsor and of the exogenouts amino acids were assumed identical. WAith regard to leucine and valine, the first assumption is suipported becauise the amouints of these 2 amino acids in the protein did not change during incuibation of the tissuie (7). Determination of the protein turnover rate 1)asedl on leuicine incorporation with no pre-incul)atioln invjlvedl the following calcuilations: 0.19' uoegh 0l9umole/g/hrX 11.4 mg/g = 0.240 mg/g hoLur: 9 .30 /Amole/g 0.240 mg/g/hr X 100) 2.1 % houlr.
11.4 mg/g Similarly, turnover rates of 2.4 %/houir based on valine incorporation (ino pre-incuibation) and of 2.5 and 2.6 %/hour tising the rates of letucinie and valine incorporation, respectively, after a 5-hotur pre-inclbation were calculated.
Effect of Pre-I7tcubation on the Accuimulation and Incorporation of Externally Stupplied Amnino Acid. The tuptake and incorporation of 14C-leiicine and 14C-valine over 30-miniute periods at 1-hou r intervals are shown in table II. Total tuptake was enhanced about 250 % by a 5-hotur pre-inctubation, and the ratio of protein to soluble radioactivity was abouit tripled for 14C-leicine and about douibled for "C-valine. The rates of accumtulation and incorporation are shown in figures 3 and 4. The lagtime was obtained by extrapolating back to the abscissa from the linear phase of incorporation (3). The lag-times for valine were 25 and 9 minuites, whereas those for leuicine were 12.5 and 2 minuites after the 30-minuite and 4-houir pre-incubation periods, respectively. In fuirther experiments lagtimes were determined after a 0.5-, a 2-and a 5-hour pre-inculbation period ( (table III) . Decreases in both the TP and the PP from the 0.5-to the 2-hour pre-incubation are contrasted to those from the 0.5-to the 5-hour pre-incubation. In both situations there was a relatively greater depletion of the PP than the TP.
Expansion of Pools. Lag-times were determined for tissue pretreated either with 5 X 10-3 M leucine or 1 X 10-2 M valine (table IV). The relative expansion of the PP with amino acid pretreatment was much greater than that of the TP, particullarly for leucine. Approximate sizes and turnover times of the PP's are presented in table IV.
Pool Specificity. The effect of pretreatment with leucine or valine on the subsequent uptake and incorporation of the corresponding 14C-amino acid and of '1C-lysine is shown in table V. Valine pretreatment had no effect on the utilization of lysine in protein synthesis, whereas 14C-valine incorporation was greatly depressed. Leucine pretreatment, however, slightly reduced the subsequent incorporation of lysine, although by a much smaller amount than that of '4C-leucine incorporation.
Depletion of Expanded Pools. Since the ratio of protein to soluble radioactivity was higher when the tracer period was delayed until 60 minutes after pretreatment with 12C-amino acid, compared to that of zero time (table V) , it appeared that the PP sizes were changing. Therefore lag-times and amino acid concentrations were determined at zero and 60 minutes after pretreatment (table VI) . Both in the depletion of expanded pools in pre-treated tissue and in the depletion of non-expanded pools (table III) , there was a proportionally greater decrease in the PP size than in the TP size. However, expanded pools were depleted more rapidly than non-expanded ones. $ The 4-houir pretreatment period involved adding 100 ,umoles amino acid per 20 ml medium initially and again after 3.5 hours. contrast to previotus experiments, the 'IC-amino acid was present durinig the pretreatment period and not duiring the treatment period. Changes in the protein and the soluble radioactivities for 2.5 hoturs follow-ing the 3-hour pretreatment period are shown in figtures 5 and 6 for leuicine aind valine, respectively. For all tissuie pretreated with a 12C-amino acid together with the 14C-amino acid, there was a marked increase in the protein radioactivity over the following 2.5 hoturs. For tissue incubated only with the "IC-amino acid (control), there was an increase in the protein radioactivity following pretreatmenit with '4C-valine, but not following pretreatment with '4C-leucine even thouigh the soluible radioactivity decreased. In experiments uising 14C_ valine, the only other detectable labeled compouind in the soluible and protein fractions was 14C-leiicine. This valine-derived leucine was muich more abuinclant in the protein than in the solublle fraction (7) . The only labeled amino acid present in protein following 14C-leucine feeding was leuicine (7) .
Discussion
Evidence is presented for 2 distinct amino acid pools in the soybean hypocotyl. Changes in the size of a protein precursor pool (PP) were compared with changes in the total amouint of the soluble amino aci(d (TP). For leucine and valine, the PP's were depleted more than the TP's (luring incubation of excised tissuie. The leucine and( valine PP's represented onlv a small percentage of the TP's. After a 0.5-, a 2-and a 5-houtr preinctubation period, leucinie in the PP comprise(d abouit 10 %, 6 % and 1 % of the total free leucine, respectively. The valine PP comprised 1.8 % to 1.2 % of the valine TP. Calcuilated rates of PP turnlover (table IV) show that the letucine pool, in a statistical sense, tuirned over about 20 times faster than the valine pool. After removal of exogenous sources of labeled amino acid from control treatments, the rapidly tuirning-over leucine PP ceased supplying 14C-leucine for protein synthesis, whereas incorporation of 14C-valine from the valine PP continuted (figs 5, 6).
After pretreatment of tissute with high concentrations of leticine or valine, the lag-times were increased proportionally more than were the amounts of free amino acid. In contrast to the 2. (6) , cuicuimber (16) and corn (8) suggest that amino acids are transportedI to the plant axis at a rate abouit equlal to that of hydrolytic release of amino acids in the storage organs. Starting about 2.5 days after soybean germination, there was a doubling in the amount of soluible a-amino nitrogen over the next 12 hoturs in the apical portion of the hypocotyl, while the protein level increased by 55 % (7). Although no protein or amino acid estimations were made on the senescing cotyledons, considering the work citedl above, there probably was a decrease in the amouint of storage amino acid (both free and in the protein) correlating with the increase in amino acids in the hypocotyl.
Oaks (14) reported that transport amino acids were readily incorporated into the protein of the root tip. From this observation, it was inferred that a transported amino acid directly enters the PP. Thuis, we suiggest that the soybean hypocotyl is deprived, after excision, of this souirce of amino acids and that such deprivation mayr partially explain the suibsequent rapid depletion of the leuicine and valine PP's duiring hypocotyl inculbationi.
